Introduction
A cam is a rotating machine element which gives reciprocating or oscillating motion to another element known as follower. The cams are usually rotated uniform speed by a shaft, but the follower motion is predetermined and will be according to the shape of cam. The cam and follower is one of the simplest as well as one of the most important mechanisms found in mode machinery today. Cam and follower mechanism is preferred over a wide variety of internal combustion engines because due to the cam and follower it is possible to obtain an unlimited variety of motions.Most of the IC engines used in the market have roller cam and follower mechanisms, having a line contact between the cam and the roller follower. In an effort to improve the mechanical efficiency of the mechanism to change the design of roller follower by changing its parameters by varying the length and the radius that would be change in length of contact to reducing the friction with cam. Hence it is required to change the flat roller follower to a curved profile.
There are different types of follower are available in that the most commonly used follower in the internal combustion engine is flat face follower. When the contacting end of the follower is perfectly flat face then it is called as flat face follower. It may be noted that the side thrust between the follower and the guide is much reduced in case of flat faced followers. The only side thrust is due to friction between the contact surfaces of the follower and the cam. The relative motion between these surfaces is largely of sliding nature but wear may be reduced by off-setting the axis of the follower so that when the cams rotate, the follower also rotate about its own axis. The flat faced followers are generally used where space is limited such as in cams which operate the valves of automobile engine.
Material Used For Cam and Follower
The most commonly used material for the cam and follower is chromium steel with designation of 100cr6.Chemical composition and the mechanical properties of the material 100cr6 is given in the When this is the case the inertia of the rocker needs to be considered and the "lever effect" of the rocker needs to be considered -as the two side arms of the rocker are frequently unequal. The analysis will depend upon the type of follower and the detailed geometry. Because of these difficulties with the analysis it was common for accelerations to be determined graphically.
[2] Khin Maung Chin , in "Design and Kinematics Analysis of Cam-Follower System", he said high accelerations are needed to give rapid opening and closing, too rapid a change in acceleration -the "jerk" or "jerk rate" -will give rough operation due to the sudden changes in forces. For this reason cam profiles are designed not to give very rapid changes in accelerations. It may also be noted that as higher forces can more easily be provided by the cam than by the valve springs, it is common to us higher accelerations when starting the opening of the valves and when slowing their closing at the end of the closing phase. These aspects are controlled by the cam, whereas the slowing of the valve at the end of the opening phase and the acceleration of the valve at the start of the closing phase are controlled by the valve springs.
[3] Teodorescu presented an analysis of a line of valve trains in a four-cylinder, four-stroke in-line diesel engine in order to predict the vibration signature taking into ac-count frictional and contact forces.
[4] Khin Maung Chin & Dr. David J Grieve, in" Design and Kinematics Analysis of Cam-Follower System", "Forces in the Valve Train of an Internal Combustion Engine", they will make some simplifying assumptions that a knife edge follower is being used. This will not be very accurate, but will give some idea of values. The simplest assumption for analysis is to assume that the opening and closing is simple harmonic motion (SHM).
[5] Cardona presented a methodology to design cams for motor engine valve trains using a con-strained optimization algorithm in order to maximize the time integral of the valve area opened to gas flow. He observed that profile errors can have a large influence on the dynamic performance of such high-speed follower cam systems.
[6] Jeon stated that with experimental and simulation results that optimizing a cam profile can increase the valve lift area while reducing the cam acceleration and the peak pushrod force. It can also avoid the jump phenomenon of the follower observed at certain.
III.

Specification Of Problem Statement And Objective
The existing cam & follower mechanisms used in internal engine have a line contact between them causing high surface stress and frictional losses. These frictional losses in present line contact are being considered on the higher side. These frictional losses affect the total efficiency of an Internal Combustion engine. The degree of freedom required for variable valve timing (VVT) mechanism which can be able to achieve by design optimization of follower. In order minimise these stresses and to reduce the friction losses the flat end of the follower is optimised by reducing the length of contact so that it will help in the increasing of the mechanical efficiency.
IV.
Contact Stress Analysis
The problem of mechanical contact is that it is impossible to obtain an analytical solution for that. Real cylinders are of finite length and, although the contact stresses over the majority of the length of the cylinder are predicted accurately by the Hertz"s theory, significant deviations occur close to the ends.
Characteristics of Contact Stresses
1. Represent compressive stresses developed from surface pressures between two curved bodies pressed together; 2. Possess an area of contact. The initial point contact (spheres) or line contact (cylinders) become area contacts, as a result of the force pressing the bodies against each other; 3. Constitute the principal stresses of a tri-axial (three dimensional) state of stress; 4. Cause the development of a critical section below the surface of the body; 5. Failure typically results in flaking or pitting on the bodies" surfaces.
Two design cases will be considered in the contact stress analysis 1. Sphere -Sphere Contact (point contact) 2. Cylinder -Cylinder Contact (line contact) In most of the internal combustion engine flat face follower is used .There will be line contact between the cam and the flat face follower. So for this case Cylinder -Cylinder contact is considered.
V.
Cylinders In Contact
Considering that cam and roller follower are held in cylindrical contact by forces F uniformly distributed along the cylinder length l.
Where, E 1, E 2 =Elastic moduli for cylinder 1and 2 µ 1 , µ 2 = Poisson"s ratio for cylinder 1 and 2. 
Cylinders in Contact -Principal Stresses
The principal stresses σ1, σ2, and σ3 are generated on the z-axis: The parameters of roller follower like length of contact and the radius of follower is reduced by 0.5mm and for each parameter we calculated the values of contact area (a) in mm, Maximum contact Pressure (P max ) in N/mm 2 , Maximum shear stress(τ max ) in N/mm 2 and also von mises stress (σ vm ) in N/mm 2 .
Check:
These values of τ max , σ vm . Are compared with the allowable stress value. The calculated stress is comparatively less than the allowable stresses so the design is under safe conditions with considering the factor of safety. As all the values of τ max & σ vm are below the allowable stress value so the design is safe.
VII.
Conclusion
As we are going to optimize the design by modifying the geometry of a roller follower by varying its parameters like length of contact and the radius of the roller follower. By reducing the length of line of contact the stress values are goes on increasing but these stress values are comparatively less than that of the allowable stress values so the design of a modified roller follower is safe.This indicates that change of the flat face of roller follower by reducing the line of contact with respective cam mechanism results in low frictional losses due less contact area which results in improved the mechanical efficiency of a cam and roller follower mechanism. 
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